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SftJ0¥IS£4 4:£fi§;LS. S9»^S4tt, *>«fHtf 
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b) ) fcftjfflu tB^^Mft 3 ** 6 tti^J-r 5 3fiES«8St i. 




( 2 ) 



#KI¥ 1 1 - 2 5 2 8 0 7 



m$£*-7£tt%£oiz±.m7<'( v?>>r¥m*fflmt io 

[Ii*Jf 2 ] ±83©JfflJ^S(4* . ±83^18^®^ 
££ftS«BEa±83atfttfc©SJ£fc©SESfcfcm .■ 

;i/*fcJ:!K ±g3***7 t >^®£ffl»t*>£i:£ft 
afctSSS&JE 1 £83«fflaS$SE. 
[11^113] ±33itS£«SEEifc)u jfEttW&Oft^lS 

afc-raif aag 1 £83tt©asgfi. 

[ 0 0 0 1 ] 
[0 0 0 2 ] , 

[&&©ftffi] 0 511, 2SJgn>5 r >1^2&®rfe£ 30 
[0 0 0 3 ] HI 5 fc^1-ft#©a£«S lOOtt, UdE 

m^£;w -yf>nspnp h^>^* 1 o 2 

;©pnph7>^n0 2©ai2>SliGt£¥*?Hb*S 
3-r;H 0 3 7 4 tM K 1 0 4 4:, 

@®^tSS: LT±B3pnp h 7 > 9 1 0 2 >{ v 
f>WJi^t?>npnh7>yX^10 5, FET 
106, 3>f>itl07t, tU*;SEKg-3£±San 40 
pnh7 1 0 5CD^^f y ^ > ^©^a — x >f — 

^tS'>xt-f^-K 1 0 8S^U - F 1 
0 9h£(/li;U 3ES#ftfcfc*2gJg=i>7 f >1t*2a: 
S*fetPOgfittft^ 1 1 ItCftUT, tB^iS^l 1 0*p 

[0004] p n p h -7 > S/* £ 1 0 2 tiu x £ # 

mmt&mi o 1 ©7 , -7 7 l {pjicom^^tc^^nT^ 

S . £ tz, Z(D pnph7>v7^1 0 211 i;'^ 
[ 0 0 0 5 ] 3^1/10 3^ -*W±I3pnph7> 50 



v** 1 0 2©3b^c}ii?n, iM* ! t£S77vs? 1 

K104&, av-Ktfpnp h7>S>** 1 0 2©3 

So 

[000 6] npn^>y^^l051 
pnp^7yy7^10 2 CD^-X tlx ^ y 

[0007]FET106&, K l"T > ig&ftMfc 1 

FET106&, ^-htV-^i:^npnb7>y^ 
£ 1 0 5<D^-7,lzmffi$tlT^Z> 0 
[0 0 0 8] 3>x>itl 0 7fciu -ig#pnp h -7 > 
1 0 2©3l/^^tgi$n, »npnh7 

[ 0 0 0 9] ^x^-^M^-K 1 0 8i±, 
npnh7>y^ 1 0 5 ©^-.X C&I^SfU T^- 

[00 10] y^^-h'l 09&, ^-/-Ktfiil^ia^ 
1 1 0tcJS$S£*-u *V-Ftfnpn h7>y^^ 1 0 

[0011] £©«fc$&^©(^©£ffi£ai 0 Of 

ttx 3>r r >1t 1 0 74)-£$StC*£l>np n h^>i/X 

1 0 5©^>f ^>yici:t>&^p np h7>^^l 

0 2^>f^f>^il5 a ^LT, :0pnph7> 

1 0 2#>W y^V^ftSfciSSfcSgMftl 0 1 

7t®mmi ( <tuT^sf4^#i 1 n;»n 

So 

[0 0 12] :©TO^gl 0 ^TiClft 
Wt5«fc-5&Sb^&^a^4:t:«t!?ejs!l^bx pnp 

h^>^^^io2&^-r y^vy ltus. g 

1 0 S^^-^ffiSO^&ig^A, pnph7>y^^ 
1 0 2©3l^*$JM?£iisii L B£:-r£o' 

[0 0 13] pnph7/y7^l0 24«t7T- 

hZt. FET 1 0 6 ft SSSfeKJ: *)> 

T>1tl07\Z, ^TAflJltfr^tC^-i^ftSo 
npnh7>y7^ 1 0 50^-7tE^±# 
U COnp n h 5>^;x£ 1 0 5 &*>tt£%o 

[0014] Z<Dnpn\*7>i?7,# 1 0 SfttfytU 
Z>t. -^nCftoTpnp h7>^^ 1 0 2&£>t 

[0015]*rc^T, ;©pnph7>yX^102A s 
3T>i:&ofcPS, rj>r >-tt 1 0 7(i, C£>pnpb5 
>y'^^10 2 tftf^fc&ciilcJ: .DiS8£3Sffi«U 1 

1 freia?Bt;^-x.e>nssEtt, ama^^^h 
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n p n h ? 1 0 5 <D*<~- MZ-^-tL, :©npn 

[0016]^MT. pnph7>^^102^> 
iifcU U;f£< 3>T-*>-tM 0 7ii, pnph 

^nr^< 0 -r&^*>, m^Amc^-^-^^ntzmn 

©^-7mffi#I^TU CCOnpn N^V^T,^ 1 0 5 10 

[0017] ICnpnh7>y^^l0 5 tU 
Stv fflCftoTpnp b^>v7£ 1 0 2&-*7t 

[0 0 18] W±©£-5£, '&&(D%n%iWl o or- 
it, Z2>?>V1 0 7©£$mC e fc£&l>£gf£tC#l\ 
pnp h^^** 1 0 v3->7Ztlh* 

[0019] ttz. z0^(D%m^m i o oT-tt, w 

1 0 9^lt, npnh7>^^l 05©x; ^ 20 

[0020] ^s!3, ^©^©?t€^® i oom 

gSttMfl 1 ltznffiifi1o£*>XU2tiX$c>?, z 
©gStia^l 1 l©mjf#{gl>i§£\ npnh7>y 
7^ 1 0 5©x ~ y*mU#{£<&£>o t£oT, C©n 

pn h7>^^ i o 5&^->^^-s^-^aE©safii 

*H£<&tU npnh7>^^10 5©*>lHiat& 
fe*,pnph7>y7^10 2©*>B$M*sg< J&S. 
[ 0 0 2 1 ] * fc, C©fiE*OJEfiSi 1 0 0 fli, S 30 

a+£nm i uzitnifimfr* c^ga^am 1 1© 

SE#ig5^®£, npnf7>y^^l05®x;^ 
mjE#^<£6o ^^t, ;Onpnh7>y^n0 
5£tf>£tfS^-*aE®ftfg#igi<&!K npnh 
7>y7^10 5©^->B$HT'Ecfc*>P np h7>^ 
* 1 0 2<D*>mffl&&<UZ* 

[0 0 2 2 ] W±©J;-5lc, C©tfE#©?EE3Se 1 0 0 
T-fcJ\ gatefcftl 1 1 ©SEA'S <fcfc(C "3*1* pn 
p^7yy^^l0 2©^>Bff 1 c g#&<&£ e fc9iC7W 
i/f>^Ti-f^ Jt#M£ftT^£ 0 40 

[0 0 2 3] :©^©5ESSB10 0Clt n 

pnh7>y^^l0 5©^-7m/£* s P/f^©SJ£y.± 

±#Lfcn«fc-5K* 4r4*-V 1 0 8#ii*?> 

fxT^S. Z<Dtz&, §1^1(1 1 1 lCffiEtfCOy 
x^-y-r^-- K 1 0 8T-&££ft5SE<fc 0i5<&o 
fc*B££ti\ npnh7>y7^105C^-fy?->^ 

[ 0 0 2 4 ] 50 



Sggl 0 0**6, 3fcK*f&T-ifcSgate£ftl 1 IK 
[ 0 0 2 5] ±1311 5 vktiEXVUnmn 100$: 

[0026] mtfMmm 1 0 1 *»e,g3£gffi 1 1 1 *c 

ft4$ns«ffV r i;, gateH^l 1 l©mEV,^ 
[ 0 0 2 7 ] i ( = (V,-V ( ) /r 



[0 0 2 8 ] ZZT; Um&Ofti 



:1 0 0T*(±, 



-fC^gSftfim 1 l©£EV,#&H$g&, pnp 

hy>y^^io2©t>w^<^^ ^©Ttmm 

[ 0 0 2 9] U*»Uft* s £, 2®jf3>^>1t 

ssu 0 1 #*£&sm&&£u&i;mtf 

I9> ^fttli»oTLS^ lot, t»©?t® 

g& h^y^w-r^ii^sfcii 0 

[0030] ttz, ^©Ttm^ffii 0 or-ti, %mn 

f»©?ts^® 1 0 o^z(D^mm^Li t ^m<tn 

*©iE]B&iS2c#;fc£ <, &sfs©BMt>©i:fcoT^fco 
[0 0 3 1 ] C©«fc?fc|ltit££#T&£h 
fcfe©T-fc!K ita®»©£&£®MU *W©a^ 

[0 0 3 2] 

[PSI£#Mfc-r ££*&©*&] ±i£©fi£M£fc?&T6fc 
^>7*3M£^ ±H37^ ^^>7*^^ e t 'y^> 

[0033] xftmtmz&n&m&s mi^t^o 
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5 

[o o 3 4] _ ±mmm^&4&, mnt, *>mm& 

a, *7B#^#b^&6^^Vl^££J5£U ^IB^ 
[0 0 3 5] C©fcg, KffiS«L«l*»£5Ett*tft5fc: 

[0 0 3 6 ] i,= (V.-V.) /r 

[0 0 3 7 ] ftffi#&5£&t&$ft5*£SS8£i 

[0038] i,„- = Ca/Ca + b) ) x i, 

[0039] zzx\ mm^®4&, mm&mmifrb 
m (v, -v.) ci^3$, fra^w*©^--^^ Jt 

(a/ (a + b) ) £3MU ±gBW2>3M9!3*>6W;fr 

[ 0 0 4 0] 3©J;?K#$gfiBlc{ft5?£mg|ET-Bu & 

f> H L t M jit. ^5ST -5 o 
[ 0 0 4 1 ] 

[0042] tts *mw<Dmi<DmmmmcD?tmg: 

[0 0 4 3] 0 2£^1-«fc5lC, #8BE©& 1 ©&&£© 

^ss©^a«ai o(±, mm%m&i i ^ -©ii^is 
mai l^^m^^nsmats^'f *>^>^-rspnp 

h^S?** 1 2fc, :Opnph7>^*12©HJ 
ir-b' 1 4fc, ±HBpnp h =? > VT 9 1 2 ^ 



[0 0 4 4] pnp h7>^^ 1 2t±, ^ 

tz. C©p np h7>^^ 1 2i±, ^ y£ t^— ^ 

[0 0 4 5] 3^H3I±, -Ppnp h7>y^^ 
1 2CDUU^^icm^?n, ffeigtftB^iS? 1 7tC^ 

7/-F*^7>Ft:}gi?nti^. 



[0 0 4 6] npnh7>y7^1 5(t 3l/^^A s p 
np h7>>^* 1 2 ©"<-;* tCg$S$n, x = 
ffiWRi ^/MTy-7 > KtcJ&ffiSftTHS. 

[ 0 0 4 7 ] ittjaf HSS 1 6 (±, Sifi&Sfll 1 1 #^£1" 
SMtSEV, fc, *c«*tfti:&5.Sateaf&2 0©S . 
JEV.tfA^tu m£{g^fcfc5M'W:*£npn 
h^>^7^ 1 5 ©^-*t:: 

[ 0 0 4 8 ] ^©.ta^fllfiJcO^m^Sl OT-fct StJffll 
@S§1 6 ft SftJft'Vb^tft^np n h^> 

10 y^^l5^^7f>^n, :©npnF7>y^ 
* 1 5©7W 'vf-^tciifc&Mp np h^>v^^ 1 
2^^;f>^^n5o f LT, :©pnph7>y 
1 2 *s^-f y?>?2tiZ£mm&Wkl lfrt>{& 

SSKi.i:L-TSaffiRffir2 0tc{fcl&3ft5. 

[0 0 4-9] i^t, M[H]g§ 1 6 iz^Tmmtz>» 
[0050] zvuwm&i 6t±, e5fit&B«fti i©?* 

20 7»?i:y7> ^©fglc&ff&ftSgi l©qjgffi 
£l2 1^ 1 7 Y b<Dmz.mi t>ft& 

3S2©pJ£&in,2 2h, ±i3^1©nr^tri2 1<Dt>JE 

m^a^2©pj^^2 2©7>Em77^* s A77^n j e© 

$m$££®ffi2 *^7>7 2 3 fcggifc#S£l]S& 2 
- 4 t©tij7jS:lt^1-S3>y^U-^ 2 5 Z<DZi>/i 
2.5©tt^m^$r F7^«npn h^>^ 
^26t npn b^>^7^ 2 6 ©&*/££&£•££ 
fflffl/W;*£tfc:£>1- SNAND@|g&2 7 U d© 

30 N A N D IhJSS 2 7^6$fJ^^^^^±H3npn h7>y 

[ 0 0 5 1 ] z©fflffl[alBl 6(±, mmW9k\ 
■ 1 #&£t&mE©yWXI&£g£-r6:3>^>1t 2 8 

ts m^nmi itm^t^m&^n&itLx^^ 

7>723, m»2 4, 3>/<U-*2 5, n 
pnh7>^^26, NANDilf§2 7f(:MBE 
S^iS^xT-^^-- K 2 9 ts#-rs« 

[0052] mi <d qj&ffijjt 2 1 a, ii^ma 1 1 # 

40 tE V, ' $:^^7 7 >7*2 3 ©7 , 7^MA^iS ; ?tC^<& 
tS. ^2©qJ^trL2 2tt, gffitt^i^2 0©SE 

[ 0 0 5 3] ^^7>r2 3ti, tSSt^mai 1A ! ^^ 

V,' gfift&^2 0©SEV, &7>ffiUTi£i!atey 
>f >K3S$:UfcaffV,' i:©^ma (V, ' -V,' ) 

>7-2 3t±, C©^ME (V,' -V,' ) &3>/^U- 
50 * 2 5©zr-7*{PJJA;^?lC{£&-f 6o 
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[0 0 5 4 ] $g&$g£l]g& 2 4.fct, mi©NAND[H]g& 
3 1 £:g!2©NAND[H]£§3 2 ft 

sstct^^uT, urns. z<om&% 

©^>T^;*ffl©A£ffi?Ctfc*&<*ftSo ftfc, 

«stia»2 4ii, g®£!goTffittfc#«££ftftii.fc 
o©t-, mis* &ft®&tz£z>3ftmm&fttj$tiz 

[ 0 0 5 5 ] 3>MU-£ 2 5(4, ±IB^mffi (V, ' 
-V,' ) t±B3figtt«£t&it«tl/T, £@EE (V,' - 
V,' ) tfgg#fcJ;!?*£^«£-lCM>f, M^E (V, ' 

[ 0 0 5 6 ] Z<D? >J*ls-# 2 5©^^'^;UtH±i(i^ 

nh7>y^2 6£«fc!) h*^:/£ft£©*>, *(D? 
U2#fi>t>lht}£tl, NANDtUgS2 7tc4t) £ 

[ 0 0 5 7 ] C6DNAND@]g&2 7^-^(4, ±SB3>^ 

[ 0 0 5 8 ] z:©«ta'&«ifiE^^1-5c:i:tcfc!), f&Jffll 
H]S&16(i N MSJE (V,' -V,' ) t£g#i££:£it|j4 
U SSE CV,' -V,' ) #X^±§£r£*>£:&5 

[0059] zzx\ zommm (v, ' -v,' ) (4, 

-r&fc*,, ^ats0^f2 otiws *)?tm£tir& 
£t\ :o§H4^t2 0©tEV,»^ c© 
(v,' -v,' ) t±ig<&&. gating 

2 0©£« I ji^ -©£Mt$l^2 OCOIEA^I^ 
£\ Z<D£M.B. (V,' -V,' ) l±{&<&5„ &r>T,. 

^V^A^gfj-TSPWM (Pulse Width Modulati 
on) s^Jl'Xtte'iZ^&o 

[ 0 0 6 0 ] 0 ^ifi#6^lHlSS2 4 0^1 i:g§2© 
N AN DEEg 3 1 , 3 2 ©IS (A.£) iZft&tZ'Vl'Z 
mi>t, 2 5©t^ ^-^ffllA^iB-? (B 

£A£<*ftS«gtti£^ 3 W< 2 5 ©77* 
ffllATjiSl* (C.6) tA^?ii5ll«J£ (V,' - 

v.- ) 2 scalar? cdjso 

Hi^^nSfs^^t, NAND@g&©tli^aS^ (E 

[ 0 0 6 1 ] C©EH3tC^-r£9l^ WdlS&l 6T- 
tt, BjSOSgmOtiCMttE (V,' -V,' ). 

[ 0 0 6 2] £tz, UW®& 1 6 (4, C©8iiJ$P/^u;Uc 



Sttfi^ 2 0 4 t) »t £®JE V, ©£{b 

t«fc£1\ -£fcfc5.fc3Kf&iJ^;K*©^:r-x>rJt 
tfg&^Sftt^*. 

[0 0 6 3] -r&b^ &mbi&i 6(4, gsf£H^2 
ot:m^ s ^^t)?£m^nT^e>r, ;©§i^2 
o©SEv,*sfa^®^ttt, ^ma (v,' -v,' ) 

10 0©ft©A s 3i^ C©gSt££^2 0©SE* s iS^t&£ 
£14, ::©^SiE (V,' -V,' ) (±{£<&5#, C© 
JiS&tl^Ui, M/^U*©7f->B#^$:^<1-S 0 
[0 0 6 4 ] W±©«t-5C, &J*P[nj%l 6(4, gfiteH 

£52 o©mEE#iS<&&sc^ft, -t&fr-^ a^sm® 

1 1 fcgStt£i*f2 Oi^SEEMtf'h;* <U^lz^fi, 
pnp^7>y7^1 2©^>B£P*§#:il<&£ ( fc9tC, 

[0 0 6 5 ] C ©^ 1 ©mfc©fl$Sg©3£S^a 1 0 T* 
14, W±©J:-5KSiJfflljElKl etfasfc-f 3#Jffl>™/*£ 

20 m&t&ztizx*), mm%ti&i i *e>tB^$nss 

[0 0 6 6] ^oT, C^t^glOTlt fiStSES 
«ll©flfife«»t5ci:#f&S. ife, c©?sm 

[0 0 6 7 ] ^fe, C©?tm^S 1 0T*(4, 
30 &<U Sfc^fc^-rSifctfT-SS. ^fex -© 

^®JIA i o^m^T*^l:l4t^2 05:?t@-r§-i: 

[ 0 0 6 8 ] 5fci\ JiSBMWEbIK 1 6 ©IS^(4, ^Six 
it, % 1 © qJgEffiia 2 1 SVi 2 © qj^ac^ 2 2 ©t>JE 
ht^, «g&$£Esl&2 4*©IfiIB8a^SrSi fcCJ: 0 

S^ft^it.5Ci:C«t t), (V,' -V,' ) 

< feftlir>f -f tfSit^J UT^S < &5 i a ft Sift 

40 <DHut>t, m^umfkzmnt&zt&T'gz, mx. 

[ 0 0 6 9 ] ttz, -©^m^^l 0T-(4, ffitiL&Zi® 
f4^#2 OC^tfclbTSft^rS-ttJ: 0, Site® 

^©.tt^s&fTa-fctfT-^a. ^m^Mio 

PSCpnp h7>'^^ 1 0 2 £;T7i:T&<fcac, ^ 
l©nT®ffitft2 lSV^2©nJgtem2 2©7>Elt^, 
^-<y>7*2 3©tf^$, sfc^tt, 2 4 

50 iD^^ns^^SriS^I-SCfcC^Ox MltmZ 
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ft t>t fc£ffiSM i , ©etJ&Srffitt- 5 d £:#!: £ &<> 
[0 0 7 0 ] o?t;, &RWtz%i2<D'gjfo(D&m<D3t.% l 

^Etco^T, H4£ffl^TaM1-5 0 
[0 0 7 1 ] C©fg2©HM©ff^©?t€^Ettx #1* 

i±\ fi8£ftM*tf££-*-5flSJ£a ! . 3fES*r&t*:SSft 

[0 0 7 2 ] H4C^-rJ:^t, #&WCffl2©2£fifc© 
B®©?tS^iE5 Ofciu ifitfE|g@#S5 1 i:, d©aifif£ 

h^>i^£ 5 2 ^ ;®pnp h7>^^? 5 2 ©tB 

2i— K5 4t, gj5tj£Sf££LT±BBpnp h^>v^^ 
5 2©;=W ^f>mi]i^t5npnh7>^^ 5 
5, FET5 6, u>?y+rb 7 ^ fi3KSSSffil5 1© 
#g£©ECg-3£±I2npn h^>^*^^5 5©;W * 

8&l^W^-K5 9h£d;Lx mit^§21i 

3>^>it^2^mm^©gfit4^^6 1 tc^ftT, a 

^6 0*^35SmaSti. o 20 

[0 0 7 3] pnph7>y7^52li ^ 

fc N ;©pnp>7>y^^5 2lt ^\v%t^—7, 

[0 0 7 4] 3>TJI/5 3(i, -^±H3pnpb7>^ 

&^£*IT^5« £fcx 77^^Y-^^-h-5 4 
(±. *V-F#pnp'F7>^^5 2©3U£*£ig 
^£ftx 7>- KtJ&i^SfVt^So 
[0 0 7 5] npn h^>^7;^ 5 51*. 3 1/^#p 30 

ffi^R, ^u^7>Ft^ntt^o 

[0076]FET56t±, KU>f >#i£«tf6S*5 1 

T56ti, ^-hi:V-^^* s npnh^>v^^55 

[0 0 7 7] =J>7 r >1^5 7ti, -Wpnph7>y 
^^5 2©^b^^«?^ fWnpnhv>y 

[ 0 0 7 8 ] >Vx7--^t-h'5 8(t *v-Ktfn 40 
pnh7>y7^55©^-7tC^i$n, ~7 J — K # 

to o 7 9] ^-rtf-F 5 9*±, T;-v&mmftm.m 

5 1 ©r-7^ffl!fOUi^Jat^Siis AV-Ftfnpn 

[0 0 8 0 ] C©cto^m^©?tm^E5 OT'ttx 3> 
T r >+f 5 7©3£j&ffiCftHnp n F7>W^5 5^ 
j yj-yygtl, :0npnh7>y^55©7^7 
f>^tWpnp h^>v^^ 5 2#yU 
y^nS. fit, C©pnph7>y^^5 2^-f 50 
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[ 0 0 8 1 ] Cffi?tfM5 0T'lt WTt:P^t5i 
a«:©^&tf-5Ci:(lJ:»)@©i#EtSb, pnph7>'/ 
^£5 2£;W v^^LT^S. &£>\ £®ISJg©itl 
^^^-rstlfefcf?, npnh7>^^55©^- 
^©Jg^Sg? A, pnph7>y^^52©3l/^ 
*<H©Sg*£iS?B 4:1-5. 

-[0 0 8 2 ] £t\ pnph7>y^^52^7t-fe 
54:, FET5 6*»&{fc*&;**iSmS&KJ;tK =i>x> 
-9-5 7tt, Jg^ AfflflAsr^^tCf-^-^^nSo 1"5. 

npn h7>y^^ 5 5 0^-XSEA 5 l#U Z 
©npn h ^>^^ 5 5* ! ^>4:^5o 
[ 0 0 8 3 ] ^Jnpnh7>i/*X^5 5* s t>i:ft5 
<hx ftli:ffotpnp h7>yy;^ 5 2^t>t^ 
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SPECIFICATION 

[TITLE OF THE INVENTION] Charging apparatus 

[abstract] 

[object] Provision of an efficient charging apparatus 
capable of reducing the burden of a direct current source. 

[Solving means] The charging apparatus of the present 
invention includes a direct current source 1 , a switching means 
2 for switching a current 'output from the direct current source 
1, an output means 3 for supplying a charging current i 0 output 
by the switching means 2 to an object 5 to be charged which 
is a capacitive load, and a control means 4 for controlling 
the switching means 2. The control means 4 generates a pulse 
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in which ON- time is a and OFF- time is b, and controls the 
switching means 2 . Based on the voltage difference between the 
voltage Vj generated from the direct current source 1 and the 
voltage V 0 of the to-be-charged object 5, the control means 
4 controls the duty ratio (a/ (a+b) ) of a control pulse, and 
controls the average current of the charging current i 0 output 
from the output means 3 so as to become constant. 

[WHAT IS CLAIMED IS;] 

[claim l] A charging apparatus comprising: 
a direct current source ; 

switching means for switching a current output from said 
direct current source; 

output means for smoothing a current switched by said 
switching means and supplying a smoothed current to an object 
to be charged; and 

control means for, based on a voltage difference between 
voltage generated from said direct current source and voltage 
of said object to be charged, controlling said switching means 
so that an average current output from said output means becomes 
constant . 

[claim 2] A charging apparatus as recited in claim 1, wherein 
said control means detects the voltage difference between the 
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voltage generated from said direct current source and the 
voltage of. said object to be charged, and controls said 
switching means by a PWM pulse by which ON- time becomes short 
when the voltage difference is large, whereas the ON- time 
becomes long when the voltage difference is small. 

[Claim 3] A charging apparatus as recited in claim 1, wherein 
said direct current source generates a current by a larger 
voltage than the maximum rated voltage of said object to. be 
charged, and said control means detects a voltage generated 
from said direct current source, and controls said switching 
means by. a PWM pulse by which ON-time becomes short when the 
detected voltage is large, whereas the ON-time becomes long 
when the detected voltage is small. 

[DETAILED DESCRIPTION OF THE INVENTION] 

[OOOl] 

[Field of the Invention] This invention relates to a 
charging apparatus for charging a double layer condenser, a 
secondary battery, and so forth. 

[0002] 

[Prior Arts] Fig. 5 shows a chopper type of constant- 
voltage regulator as a conventional charging apparatus for 
charging a double layer condenser or a secondary battery. 

[0003] The conventional charging apparatus 100 shown in 
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Fig. 5 is made up of a direct-current generator 101, a pnp 
transistor 102 that switches a current output from the 
direct-current generator 101, a. coil 103 and a flywheel diode 
104 that smooth an output current of the pnp transistor 102, 
an npn transistor 105, a FET 106, and a condenser 107 that 
control the switching of the pnp transistor 102 by self- 
oscillation, and a Zener diode 108 and a diode 109 that 
determine the duty of the switching of the npn transistor 105 
on the basis of an output voltage, and supplies a charging 
current i 0 from an output terminal 110 to a capacitive load 
111, such as a double layer condenser or a secondary battery, 
which is an object to be charged. 

[0004] The pnp transistor 102 has its emitter connected 

to the output terminal on the plus side of the direct-current 
generator 101. Further, the pnp transistor 102 is connected 
to a resistor R 1 between its emitter and its base. 

[0005] A coil 103 has its one end connected to a collector 

of the pnp transistor 102, and has the other end connected to 
the output terminal 110. A flywheel diode 104 has its cathode 
connected to the collector of the pnp transistor 102, and has 
its anode connected to the ground. 

[0006] The npn transistor 105 has its collector connected 
to the base of the pnp transistor 102, and has its emitter 
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connected to the ground through a resistor R 2 . 

[0007] The FET 10 6 has its drain connected to the output 
terminal on the plus side of the direct-current generator 101. 
Further, the FET 106 has its gate and its source connected to 
the base of the npn transistor 105. 

[00 08] The condenser 107 has its one end connected to the 
collector of the pnp transistor 102, and has the other end 
connected to the base of the npri transistor. 

[0009] The Zener diode 108 has its cathode connected to 
the base of the npn transistor 105, and has its anode connected 
to the ground. 

[OOIO] The diode 109 has its anode connected to the output 
terminal 110, and has its cathode connected to the emitter of 
the npn transistor 105. 

[OOll] In the conventional charging apparatus 100 
constructed in this way, the npn transistor 105 is switched 
in accordance with the electrical ' charge and discharge of the 
condenser 107, and, interrelatedly with the switching of the 
npn transistor 105, the pnp transistor 102 is switched. 
Interrelatedly with the switching of the pnp transistor 102, 
a current supplied from the direct-current generator 101 is 
switched. The switched current is smoothed by a smoothing 
circuit made up of the coil 103 and the flywheel diode 104, 
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and, as a charging current i 0 , is supplied to the capacitive 
load 111. 

[0012] This conventional charging apparatus 100 causes 

self-oscillation by performing an operation described later, 
and switches the pnp transistor 102. In explanation of the 
operation of the self -oscillation, let the terminal on the base 
side of the npn transistor 105 be terminal A, and let the 
terminal on the collector side of the pnp transistor 102 be 
terminal B. 

[0013] First, when the pnp transistor 102 is off, the 
condenser 107 has the side of its terminal A charged positively 
by a current supplied from the FET 106. Thereupon, the base 
voltage of the npn transistor 105 rises, and the npn transistor 
105 is turned on. 

[0014] The pnp transistor 102 is also turned on in response 

to the ON-state of the npn transistor 105. 

[0015] Subsequently, when the pnp transistor 102 is turned 

on, the condenser 107 gives the base of the npn transistor 105 
a voltage in which a charge voltage by which the side of the 
terminal A has been positively charged is added to a voltage 
given from. the direct-current generator 111 to the terminal 
B because of the ON-state of the pnp transistor 102, so as to 
maintain the ON-state of the npn transistor 105. 
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[0016] 



Thereafter, when the pnp transistor 102 is turned 



on, and a while elapses, the condenser 107 has the side of its 
terminal B charged positively by a current from the 
direct-current generator 101 supplied from the collector of 
the pnp transistor 102. That, is, the electric charge charged 
on the side of terminal A is discharged. Thereupon, the base 
voltage of the npn transistor 105 falls, and the npn transistor 
105 is turned off. 

[0017] The pnp transistor 102 is also turned off in 

response to the OFF-state of the npn transistor 105. 

[0018] As described above, in the conventional charging 

apparatus 100, the pnp transistor 102 is switched in response 
to the self-oscillation caused by the electrical charge and 
discharge of the condenser 107. 

[0019] Further, in the conventional charging apparatus 
100, the output voltage, i.e., the voltage of the capacitive 
load 111 is fed back to the emitter of- the npn transistor 105 
through the diode 109. Therefore, the duty ratio varies in 
response to the voltage of the capacitive load 111. 

[0020] In other words, in the conventional charging 

apparatus 100, the capacitive load 111 is not so charged with 
an electric charge, and the voltage of the emitter of the npn 
transistor 105 lowers when the voltage of the capacitive load 
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Ill is low. Therefore, the threshold of the base voltage by 
which the npn transistor 105 is turned on lowers, and the 
ON-time of the npn transistor 105, i.e., the ON-time of the 
pnp transistor 102 is lengthened. 

[002l] Further, in the conventional charging apparatus- 

100, the voltage of the emitter of the npn transistor 105 rises 
when the capacitive load 111 is increasingly charged and has 
a high voltage. Therefore, the threshold of the base voltage 
by which the npn transistor 105 is turned on rises, and the 
ON-time of the npn transistor 105, i.e., the ON-time of the 
pnp transistor 102 is shortened. 

[0022] As described above, in the conventional charging 
apparatus 100, the duty ratio of the switching is controlled 
so that the ON-time of the pnp transistor 102 is shortened 
proportionately with the rise of the voltage of the capacitive 
load 111. 

[0023] Further, the conventional charging apparatus 100 
is provided with the Zener diode 108 so that the base voltage 
of the npn transistor 105 does not rise above a predetermined 
voltage. Therefore, when the voltage of the capacitive load 
111 rises above the voltage regulated by the Zener diode 108, 
the switching operation of the npn transistor 105 stops, and 
the charging to the capacitive load 111 is completed. Further, 
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the Zener diode 108 is set on the basis of, for example, the 
rating of the capacitive load 111 that is the object to be 
charged. 
[0024] 

[Problems to be Solved by the Invention] . Here, a 
discussion will be conducted as to the charging current i 0 that 
flows from the conventional charging apparatus 100 to the 
capacitive load 111 that is the to-be-charged object. 

[0 02 5] The conventional charging apparatus 100 of Fig. 5 

can be simply shown as in Fig. 6. 

[002 6] The charging current i 0 that flows from the 

direct-current generator 101 to the capacitive load 111 can 
be represented as the following equation from the relationship 
among voltage V r generated by the direct-current generator 101 , 
voltage V 0 of the capacitive load 111, and internal resistance 
r. 

[0027] i 0 =(V T -V o ) /r 

[0 02 8] Herein, the conventional charging apparatus 100 

operates so that the ON-time of the pnp transistor 102 is 
lengthened and the charging current i 0 rises when the capacitive 
load 111 is not so charged with an electric charge and has a 
low voltage V 0 , for example. 

[0029] ' However, in general, a double layer condenser or 
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a secondary battery has its internal resistance lowered very 
much. For this reason, if the conventional charging apparatus 
100 operates so that the charging current i 0 rises, the 
direct-current generator 101 must generate a large current, 
and therefore must have a heavy burden. Therefore, the 
conventional charging apparatus 100 must have used the 
direct-current generator 101 that has sufficiently large 
torque even if such a burden is placed thereon. 

[0030] Further, the conventional charging apparatus 100 

causes a heat loss because of its own internal resistance r 
or the internal resistance of the capacitive load in proportion 
to the current value of the charging current i 0 . Therefore, 
if the conventional charging apparatus 100 operates so that 
the charging current i 0 rises, the heat loss has been 
proportionally enlarged. Accordingly, in the conventional 
charging apparatus 100, its circuit loss is large, and its 
efficiency is low. 

[0031] The present invention was made in consideration of 
these circumstances, and aims to provide an efficient charging 
apparatus capable of reducing the burden of the direct current 
source . 



[0032] 

[Means for Solving the Problems] 



In order to solve the 
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above-mentioned problems, the charging apparatus according to 
the present invention is characterized in that it comprises: 
a direct current source; a switching means for switching a 
current output from the direct current source; an output means 
for smoothing a current switched by the switching means and 
supplying a smoothed current to an object to be charged; and 
a control means for, based on a voltage difference between 
voltage generated from the direct current source and voltage 
of the object to be charged, controlling the switching means 
so that an average current output from the output means becomes 
constant. In this charging apparatus, the average current 
output from the output means is made constant regardless of 
the voltage of the to-be-charged object. 

[0033] As shown in Fig. 1, the charging apparatus 
according to the present invention includes a direct current 
source 1 for outputting a direct current with voltage V x , a 
switching means 2 for switching a current output from the direct 
current source 1, an output means 3 for supplying a charging 
current i 0 output by the switching means 2 to an object 5 to 
be charged which is a capacitive load, and a control means 4 
for controlling the switching means 2. 

[0034] The control means 4 generates a pulse in which, for 
example, ON-time is a whereas OFF-time is b, and controls the 
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switching means 2. 

[0035] ■ In this case, the charging current i 0 that flows 
from the direct current source 1 to the to-be-charged object 
5 can be represented as the following equation from the 
relationship among voltage V 3 generated by the direct current 
source 1, voltage V 0 of the to-be-charged object 5, and internal 
resistance r. 

[0036] i 0 ={V r -V 0 ) /r 

[0037] Since switching is carried out by a pulse in which 

ON- time is a and OFF- time is b, the average current i AVE of the 
charging current i 0 supplied to the to-be-charged object 5 can 
be represented as follows. 

[0038] i AVE =(a/ (a+b) ) Xi 0 

[0039] Herein, based on the voltage difference (Vj-Vq) 
between the voltage V x generated from the direct current source 
1 and the voltage V 0 of the to-be-charged object 5, the control 
means 4 controls the duty ratio (a/{a+b)) of a control pulse, 
and controls the average current i AVE of the charging current 
i 0 output from the output means 3 so as to become constant. 

[0040] As described above/ in the charging apparatus 
according to the present invention, the average value of the 
current output from the output means is made constant 
regardless of the voltage of the to-be-charged object, and 
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pulse charging is carried out . 
[0041] 

[Embodiments of the Invention] Embodiments of the present 
invention will be hereinafter described with reference to the 
drawings . 

[0042] . First, a charging apparatus according to the first 
embodiment of the present invention will be described in 
connection with Figs. 2 and 3. 

[0043] As shown in Fig. 2, the charging apparatus 10 

according to the first embodiment of the present invention 
includes a direct-current generator 11, a pnp transistor 12 
that switches a current output from the direct-current 
generator 11, a coil 13 and a flywheel diode 14 both of which 
smooth an output current of the pnp transistor 12, an npn 
transistor 15 that switches the pnp transistor 12 , and a control 
circuit 16 that determines the duty of switching of the npn 
transistor 15, and supplies a charging current i 0 from an output 
terminal 17 to a capacitive load 20, such as a double layer 
condenser or a secondary battery, which is an object to be 
charged . 

[0044] The pnp transistor 12 has its emitter connected to 
the output terminal on the positive side of the direct-current 
generator 11. Further, the pnp transistor 12 is connected to 
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a resistor R 2 between its emitter and its base. 

[0045] The' coil 13 has its one end connected to the 
collector of the pnp transistor 12, and has the other end 
connected to the output terminal 17. The flywheel diode 14 has 
its cathode connected to the collector of the pnp transistor 
12, and has its anode connected to the ground. 

[0046] The npn transistor 15 has. its collector connected 
to the base of the pnp transistor 12, and has its emitter 
connected to the ground through a resistor R 2 . 

[0047] The control circuit 16, to which DC voltage V x 

generated by the direct-current generator 11 and voltage V 0 
of the capacitive load 2 0 that is an object to be charged are 
input, supplies a control pulse that is an output signal to 
the base of the npn transistor 15. 

[0048] In the thus constructed charging apparatus 10, the 
npn transistor 15 is switched in response to a control pulse 
output from the control circuit 16, and the pnp transistor 12 
is switched in response to the switching of the npn transistor 
15. When the pnp transistor 12 is switched, a current supplied 
from the direct-current generator 11 is switched. The current 
that has undergone the switching is smoothed by a smoothing 
circuit made up of the coil 13 and the flywheel diode 14, and, 
as a charging current i 0 , is supplied to the capacitive load 
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20. 

[0049] Next, the control circuit 16 will be described. 

[0050] The control circuit 16 includes the first variable 
resistor 21 disposed between the positive side terminal of the 
direct-current generator 11 and the ground, the second variable 
resistor 22 disposed between the output terminal 17 and the 
ground, an op-amp 23 to which the partial pressure output of 
the first variable resistor 21 and the partial pressure output 
of the second variable resistor 22 are. input and which detects 
a difference voltage, a sawtooth wave generating circuit 24 
that generates a saw- like wave, a comparator 25 that compares 
the output of the op- amp 23 and the output of the sawtooth wave 
generating circuit 24, an npn transistor 2 6 that drives the 
comparison output of the comparator 25, and an NAND circuit 

27 that outputs a control pulse that has reversed the output 
of the npn transistor 26, and supplies the control pulse from 
the NAND circuit 27 to t the npn transistor 15. 

[005l] The control circuit 16 further includes a condenser 

28 that, for example, removes the noise of the voltage generated 
by the direct-current generator 11, and a Zener diode 29 that 
stabilizes the voltage generated by the direct-current 
generator 11 at a constant voltage and gives a power-supply 
voltage to the op-amp 23, the sawtooth wave generating circuit 
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24, the comparator 25, the npn transistor 26, the NAND circuit 
'27, and so forth. 

[0052] The first variable resistor 21 divides the voltage 
Vj generated by the direct-current generator 11, and supplies 
voltage V r ' that has undergone a suitable gain adjustment to 
the positive side input terminal of the op-amp 23. The' second 
variable resistor 22 divides the voltage V 0 of the capacitive 
load 20, and supplies voltage V 0 ' that has undergone a suitable 
gain adjustment to the negative side input terminal of the 
op- amp 23. 

[0053] The op-amp 23 calculates a difference voltage (v/ 

-V 0 ' ) between the voltage V z ' obtained by dividing the voltage 
Vj generated by the direct-current generator 11 and undergoing 
a suitable gain adjustment and the voltage V 0 ' obtained by 
dividing the voltage V 0 of the capacitive load 2 0 and undergoing 
a suitable gain adjustment, and amplifies this difference 
voltage by suitable magnification. The op-amp 23 supplies the 
difference voltage (v/ -V 0 ' ) to the positive side input 
terminal of the comparator 25. 

[0054] The sawtooth wave generating circuit 24 generates 

a saw-like wave such that a pulse signal self -excitedly 
oscillated from an astable multivibrator made up of the first 
NAND circuit 31 and the second NAND circuit 32 is differentiated 



-16- 



by a differentiating circuit made up of a resistor 33 and a 
condenser 34 . The saw- like wave output from the sawtooth wave 
generating circuit 24 is supplied to the negative side input 
terminal of the comparator 25. Since what is required of the 
sawtooth wave generating circuit 24 is to generate a saw- like 
wave by self -oscillation, a triangular wave, for example, may 
be output by an integrating circuit, and therefore its 
structure is not limited. 

[0 055] The comparator 25 compares the difference voltage 

( v i' ~ v o' ) with the saw- like wave, and, if the difference 
voltage (v/ -V 0 ' ) is larger than the saw- like wave, the 
comparator 25 carries out high digital output, and, if the 
difference voltage (v/ -V 0 ' ) is smaller than the saw- like wave, 
it carries out low digital output. 

[0056] The digital output of the comparator 25 is supplied 
to the base of the npn transistor 26, is then driven by the 
npn transistor 26, is then output from the collector thereof, 
and is further reversed by the NAND circuit 27. 

[0057] A control pulse, which is a signal identical in 

"phase with the comparator 25, is output from the NAND circuit 
27. The control pulse is supplied to the base of the npn 
transistor 15. 

[0058] With this structure, the control circuit 16 
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compares the difference voltage (v/ -V 0 ' ) with the saw- like 
wave, and outputs a control pulse by which an ON-state is 
reached if the difference voltage (v/ -V 0 ' ) is larger than 
the wave . 

[0059] Herein, the difference voltage (v/ -V 0 ' ) varies 
according to the charging state of the capacitive load 20. That 
is, the difference voltage (V x ' -V 0 ' ) will . rise if the 
capacitive load 2 0 is not so charged with an electric charge, 
and, accordingly, the voltage V 0 of the capacitive load 2 0 is 
low. On the other hand, the difference voltage (v/ -V 0 ' ) will 
decrease if the capacitive load 2 0 is increasingly charged, 
and, accordingly, the voltage of the capacitive load 2 0 becomes 
high. Therefore, the control pulse is a PWM {Pulse Width 
Modulation) pulse in which ON-time varies according to the 
charging state of the capacitive load 20. 

[0060] Fig. 3 shows a pulse shape generated (at point A) 
between the first and second NAND circuits 31 and 32 of the 
sawtooth wave generating circuit 24, a saw-like wave input to 
the negative side input terminal (point B) of the comparator 
25, a difference voltage (v/ -V 0 ' ) input to the positive side 
input terminal (point C) of the comparator 25, a signal waveform 
output from the output terminal (point D) of the comparator 
25, and a control pulse output from the output terminal (point 
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E) of the NAND circuit. 

[006l] As shown in Fig. 3, the control circuit 16 outputs 

a control pulse by. which an ON- state is reached when' the 
difference voltage <v/ -V 0 ' ) at point C is larger than the 
saw- like wave at point B. 

[0062] Further, the control circuit 16 sets the duty ratio 

of the control pulse so that the average value of the charging 
current i 0 switched in response to this control pulse becomes 
constant independently of variation in the voltage V 0 that 
varies according to the charging state of the capacitive load 
20. ' - 

[0063] In other words, the control circuit 16 shortens the 

ON- time of the control pulse when the capacitive load 20 is 
not so charged with an electric charge, and the voltage V 0 of 
the capacitive load 20 is low, and, accordingly, the difference 
voltage (v/ -V 0 ' )• rises. By contrast, the control circuit 16 
lengthens the ON-time of the control pulse when the capacitive 
load 2 0 is increasingly charged, and the voltage of the 
capacitive load 20 is high, and, accordingly, the difference 
voltage' (v/ -V 0 ' ) decreases. 

[0064] As described above, the control circuit 16 controls 

the duty ratio of the control pulse so that the ON-time of the 
pnp transistor 12 becomes long as the voltage of the capacitive 
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load 20 rises, i.e., as the voltage difference between the 
direct current - source 11 and the capacitive load 20 becomes 
small. 

[0065] In the charging apparatus 10 according to the first 

embodiment, the average value of the current output from the 
direct-current generator 11 can be always kept constant by 
setting the control pulse output from the control circuit 16 
as mentioned above. 

[0066] Therefore, in the charging apparatus 10, the burden 
of the direct-current generator 11 can be reduced. Further, 
in the charging apparatus 10, since the pnp transistor 12 is 
subjected to the PWM control on the basis of the voltage 
difference between the voltage generated by the direct-current 
generator 11 and the voltage of the capacitive load 20, a 
current corresponding to the torque of the direct-current 
generator 11 can be supplied to the capacitive load 20. 

[0067] Further, in the charging apparatus 10, a heat loss 

can be reduced, and electrical efficiency can be raised. 
Further, in the charging apparatus 10, the capacitive load 20 
can be charged with a high voltage and with a small current, 
without using a power conversion means such as a transformer. 

[0068] The control circuit 16 can be easily set by, for 
example, setting the partial pressure ratio between the first 



-20- 




and second variable resistors 21 and 22 or by carrying out the 
circuit setting of, for example, the sawtooth wave generating 
circuit 24 . Further, not only a function in which the duty rises 
in inverse proportion to the decrease of the difference voltage 
(V/ -V 0 ' ) but various, functions can be achieved by changing 
the calculating setting of the op-amp 23. For example, 
constant-voltage setting can be easily carried out. 

[0069] Further, in the charging apparatus 10 , charging can 

be carried out even more efficiently if the saw-like wave 
generated by the sawtooth wave generating circuit 24 is set 
in accordance with the characteristic of the capacitive load 
2 0 which is an object to be charged. Further, in the charging 
apparatus 10, the supplying of the charging current i 0 can be 
stopped without overcharging if the partial pressure ratio 
between the first and second variable resistors 21 and 22, the 
amplification factor of the op-amp 23, or the saw-like wave 
generated by the sawtooth wave generating circuit 24 is set 
to turn off the pnp transistor 102 when the voltage V 0 of the 
capacitive load 2 0 approaches the maximum rating. 

[0070] Next, a charging apparatus according to the second 

embodiment of the present invention will be described with 
reference to Fig. 4. 

[007l] The charging apparatus according to the second 
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embodiment is applied to a case, for example, in which a current 
is generated by the voltage generated by the direct-current 
generator sufficiently larger than the maximum rating voltage 
of the capacitive load that is an object to be charged. 

[0072] As shown in Fig. 4, the charging apparatus 50 

according to the second embodiment of the present invention 
includes a direct-current generator 51, a pnp transistor 52 
that switches a current output from the direct-current 
generator 51, a coil 53 and a flywheel diode 54 both of which 
smooth the output current of the pnp transistor 52, an npn 
transistor 55, an FET 56, and a condenser 57 that control the 
switching of the pnp transistor 52 by self -oscillation, and 
a Zener diode 58 and a diode 59 both of which determine the 
duty of the switching of the npn transistor 55 on the basis 
of the voltage generated by the direct-current generator 51, 
and supplies a charging current i 0 from an output terminal 60 
to a capacitive load 61, such as a double layer condenser or 
a secondary battery, that is an object to be charged. 

[0073] The pnp transistor 52 has its emitter connected to 

the positive side output terminal of the direct-current 
generator 51. Further, the pnp transistor 52 is connected to 
a resistor R 2 between its emitter and its base. 

[0074] The coil 53 has its one end connected to the 



-22- 




collector of the pnp transistor 52, and has the other end 
connected to the output terminal 60. The flywheel diode 54 has 
its cathode connected to the collector of the pnp transistor 
52, and has its anode connected to the ground. 

[0075] The npn transistor 55 has its collector connected 
to the base of the pnp transistor 52, and has its emitter 
connected to the ground through a resistor R 2 . 

[0076] The FET 56. has its drain connected to the positive 

side output terminal of the direct-current generator 51. The 
FET 56 further has its gate and its source connected to the 
base of the npn transistor 55. 

[0077] . The condenser 57 has its one end connected to the 
collector of the pnp transistor 52, and has the other end 
connected to the base of the npn transistor 55. 

[0078] The Zener diode 58 has its cathode connected to the 

base of the npn transistor 55, and has its anode connected to 
the ground. 

[0079] The diode 59 has its anode connected to the positive 
side output terminal of the direct-current generator 51, and 
has its cathode connected to the emitter of the npn transistor 
55. 

[0080] In the thus constructed charging apparatus 50, the 
npn transistor 55 is switched in response to the electrical 
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charge and discharge of the condenser 57 , and the pnp transistor 
52 is switched in response to the switching of the npn 
transistor 55 . When the pnp transistor 52 is switched, a current 
supplied from the direct-current generator 51 is switched. The 
current that has undergone the switching is smoothed by a 
smoothing circuit made up of the coil 53 and the flywheel diode 

54, and, as the charging current i 0 , is supplied to the 
capacitive load 61. 

[008l] The charging apparatus 50 causes self -oscillation 

by carrying out an operation as described below, and switches 
the pnp transistor 52. In explanation of the operation of the 
self-oscillation, let the base side terminal of the npn 
transistor 55 be terminal A, and let the collector side terminal 
of the pnp transistor 52 be terminal B. 

[0082] First, when the pnp transistor 52 is off, the 
condenser 57 has the side of terminal A positively charged by 
a current supplied from the FET 56 . Thereupon, the base voltage 
of the npn transistor 55 rises, and the npn transistor 55 is 
turned on. 

[0083] In response to the ON-state of the npn transistor 

55, the pnp transistor 52 is also turned on. 

[0084] Subsequently, when the pnp transistor 52 is turned 
on, the condenser 57 gives the base of the npn transistor 55 
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a voltage in which a charge voltage -by which the side of terminal 
A is positively charged is added to a voltage given from the 
direct-current, generator 51 to terminal B in response to the 
ON-state of the pnp transistor 52, so as to maintain the 
ON-state of the npn transistor 55. 

[0085] Thereafter, when the pnp transistor 52 is turned 

on, and a while elapses, the condenser 57 has the side of 
terminal' B charged positively by a current from the 
direct-current generator 51 supplied from the collector of the 
pnp transistor 52 . That is, the electric charge charged on the 
side of terminal A is discharged. Thereupon, the base voltage 
of the npn transistor 55 falls, and the npn transistor 55 is 
turned off. 

[0086] The pnp transistor 52 is also turned off in response 

to the OFF-state of the npn transistor 55. 

[0087] As described above, in the charging apparatus 50, 

the pnp transistor 52 is switched in response to the self- 
oscillation caused by the electrical charge and discharge of 
the condenser 57. 

[0088] Further, in the charging apparatus 50 , the voltage 

of the direct-current generator 51 is forwardly fed to the 
emitter of the npn transistor 55 through the diode 59 . Therefore, 
the duty ratio varies according to variations in the voltage 
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of the direct-current generator 51. In other words, in the 
charging apparatus 50 , the duty ratio of a switching pulse falls 
when the voltage generated by the direct-current generator 51 
becomes higher than the voltage of the Zener diode 58. Further, 
depending on the voltage generated by the direct-current 
generator 51, a variable resistor 62 is disposed between the 
cathode of the diode 59 and the emitter of the npn transistor 
55 as shown in Fig. 4, and the voltage generated by the 
direct-current generator 51 and the voltage of the Zener diode 
58 are adjusted. This disposition of the variable resistor 62 
makes it possible to easily adjust the duty ratio of the 
switching pulse. 

[0089] In this charging apparatus 50, the emitter voltage 

of the npn transistor 55 becomes low when the voltage of the 
direct-current generator 51 is low. Therefore, the threshold 
of .the base voltage that turns on the npn transistor 55 becomes 
low, and the ON -time of the npn transistor 55 , i.e., the ON- time 
of the pnp transistor 52 becomes long. 

[0090] Further, in this charging apparatus 50, the emitter 

voltage of the npn transistor 55 becomes high when the voltage 
of the direct-current generator 51 is high. Therefore, the 
threshold of the base voltage that turns on the npn transistor 
55 becomes high, and the ON- time of the npn transistor 55 , i.e., 
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the ON-time of the pnp transistor 52 becomes short. 

[009l] As described above, in the charging apparatus 50, 
the duty ratio of switching is controlled so that the ON-time 
of the pnp transistor 52 becomes short as the voltage of the 
direct-current generator 51 rises. 

[0092] From this fact, in the charging apparatus 50, the 

average value of a current output from, the direct-current 
generator 51 can be always kept constant in a case, for example, 
in which a current is generated with the voltage generated by 
the direct-current generator 51 sufficiently larger than the 
maximum rating voltage of the capacitive load 61 that is the 
object to be charged. 

[0093] Therefore, in the charging apparatus 50, the burden 
of the direct-current generator 51 can be reduced. Further, 
in the charging apparatus 50, a current corresponding to the 
torque of the direct-current generator 51 can be supplied to 
the capacitive load 61 since the pnp transistor 52 is subjected 
to the PWM control on the basis of the voltage generated from 
the direct-current generator 51 . 

[0094] Further, in the charging apparatus 50, a heat loss 

can be reduced, and electrical efficiency can be raised.. 
Further, in the charging apparatus 50, the capacitive load 61 
can be charged with a high voltage and with a small current 
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without using a power conversion means such as a transformer., 
[0095] 

[Effect of the Invention] In the charging apparatus 
according to the present invention, an average current output 
from the output means is kept constant regardless of the voltage 
of an object to be charged, and therefore the burden of the 
direct current source can be reduced. Further, in the charging 
apparatus, the switching means is subjected to the PWM control 
on the basis of the voltage difference between the voltage 
generated from the direct current source and the voltage of 
the to-be-charged object, and therefore a current 
corresponding to the torque of the direct current source can 
be supplied to the to-be-charged object. 

[0096] Further, in the charging apparatus according to the 
present invention, an average current output from the output 
means is kept constant regardless of the voltage of the 
to-be-charged object, and therefore a heat loss can be reduced, 
and. electrical efficiency can be raised. Further, in the 
charging apparatus, the to-be-charged object can be charged 
with a high voltage and with a small current without using a 
power conversion means such as a transformer. 

[brief description of the drawings] 

[Fig. l] Drawing for explaining the charging circuit of the 
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present invention. 

[Fig. 2] Circuit diagram of the charging apparatus 
according to the first embodiment of the present invention. 

[Fig. 3] Waveforms at each point of the charging apparatus. 

[Fig. 4] Circuit diagram of the charging apparatus of the 
second embodiment of the present invention. 

[Fig. 5] Circuit diagram of. the conventional charging 
apparatus . 

[Fig. 6] Circuit diagram for explaining a charging current 
output from the conventional charging apparatus. 

[Description of the Symbols] 
1 Direct current source, 2 Switching means, 3 Output means, 
4 Control means, 5 Object to be charged, 10,50 Charging 
apparatus, 11,51 Direct-current generator, 12,52 Pnp 
transistor, 15,55 Npn transistor, 16 Control circuit, 13,53 
Coil, 14,54 Flywheel diode, 17,60 Output terminal, 20,61 
Capacitive load, 59 Diode 
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